Background: Methicillin-resistant Staphylococcus aureus (MRSA) is a major threat to human health. It is considered to be a Multi-Drug Resistant (MDR) pathogen capable of causing a variety of diseases. MRSA is also one of the most important nosocomial pathogens in burn infection. As a treatment strategy against MRSA infections phage therapy has the potential of becoming alternative remedy. Thus, the aim of present study was to isolate and characterize lytic bacteriophage from hospital sewage effective against burn wounds infecting MRSA isolates.
Introduction
The increasing appearance of multi-drug resistant (MDR) microorganisms in clinics is a rising serious threat to human health [1] . Most recently, an estimated 2.5 million people acquire antibiotic-resistant infections every year in Europe and USA leading to approximately 50,000 deaths [2] .
Staphylococcus aureus is a common commensal bacterium which is an opportunistic pathogen capable of causing a variety of diseases ranging from food poisoning to fatal infections like endocarditis, pneumonia, osteomyelitis and toxic shock syndrome. It is also a leading cause of infections associated with catheters or devices [3] [4] [5] [6] .
Methicillin-resistant Staphylococcus aureus (MRSA) is an MDR (multi-drug resistant) organism that is resistant to every antibiotic except for Vancomycin. It was initially detected during early 1960's in United Kingdom and is now regarded as a major hospital acquired pathogen throughout the world [7, 8] . Also, community-acquired MRSA infections have increasingly been identified within the past two decades [5] . This microorganism has been declared an international concern by the World Health Organization [9,10].
In addition to the increasing prevalence of MRSA, the emergence of vancomycin-resistant or vancomycinintermediate Staphylococcus aureus (VRSA or VISA) has caused serious concern [7,11]. These infections have different manifestations and include infection of the epidermis, dermis, superficial fascia, subcutaneous tissues and muscles. More severe SSTIs include deeper soft tissues such as infectious Research Article iMedPub Journals www.imedpub.com DOI: 10.36648/1989-8436.100098 Archives of Clinical Microbiology ISSN 1989-8436 Vol.10 No. 4:100098 cellulitis, ulcer or wound site infection, surgical site infection, major abscesses, skin ulcers, and diabetic foot ulcers [12, 13] . MRSA is also one of the most common nosocomial pathogens infecting burn wounds [14] . It is estimated that 70% of the mortality in burn unit is related to infections. Thus, management of burn patients is a significant problem because of outbreaks of infection in burn units and the presence of many multi drug resistant strains. Additionally Hospital burns units are a main reservoir for MRSA with a potential for rapid dissemination in hospital environment [15] . Shahsavan et al. [14] among Staphylococcus aureus strains isolated from burnt patients in Tehran reported that the most of MRSA isolates were MDR that showed resistance to β-lactams, macrolides, tetracyclines and aminoglycosides.
As a result, therapeutic strategies to counter clinical infectious caused by these bacteria has become limited [2] . Therefore, it is critical that alternative antibacterial agents and programs are developed [2] . Moreover, due to rapid acquisition of resistance to the new antibiotics and rising production costs, there has been little incentive to develop new antibacterial agents [2, 11, 16] .
A strategy against MRSA infections and to provide a new solution against the threat of MDR infections, phage therapy has attracted a great deal of attention [17] . This approach uses bacterial viruses (phages) which can specifically attack pathogenic bacteria and kill them [18] . Phage therapy has the potential of being highly specific against only the species and even strain responsible for an infection [3, 19, 20] . Moreover, their remarkable specificity prevents them from affecting human cells, microbial composition of body microbiota and inducing antimicrobial resistance in different bacterial species [20, 21] .
In this study, a specific bacteriophage was isolated from hospital sewage which was effective against MRSA strains from burnt patient. The morphological feature of the phage, its nucleic acid composition, host range, latent time and burst size were characterized.
Materials and Methods

Isolation and characterization of bacterial strains
Thirty S. aureus strains isolated from burnt patients hospitalized at Motahari Hospital in Tehran, Iran plus reference strain of MRSA (ATCC 43300) were used as hosts for bacteriophage isolation and propagation from the wastewater samples. Strains were confirmed as S. aureus by gram stain, coagulase, catalase, oxidase and DNase production as well as mannitol fermentation and PCR amplification of protein A gene (spa).
Kirby-Bauer disk diffusion tests were performed to confirm its resistance to penicillin, methicillin, and oxacillin as recommended by Clinical and Laboratory Standards Institute (CLSI) [21] . Colonies from an overnight pure culture of each isolate were emulsified in sterile normal saline with the turbidity adjusted to 0.5 McFarland standards.
The bacterial suspension was uniformly streaked on Mueller Hinton agar and left to dry for 3-5 min. Then antibiotic disks, placed on the agar surface and incubated at 35°C for 18-24 hours [22] . Additionally PCR assays were carried out for mecA gene. Bacteria from LBA (Luria Bertani Agar, Thermo Scientific Oxoid) plates were grown at 37°C for 4 h to reach the exponential phase with constant shaking (180 rpm) in LB broth(Luria Broth, Thermo Scientific Oxoid).
Wastewater sample collection for bacteriophage isolation
Several wastewater samples were taken from untreated sewage pond of Motahari Hospital and screened as a source of bacteriophages. The samples were centrifuged at 2,500×g for 20 min to separate bacterial cell and debris. The supernatant was filtered through 0.45 μm filters, transferred to a clean tube and stored at 4°C.
Isolation and purification of bacteriophages
For phage isolation, 10 ml exponential phase culture of a clinical and standard S. aureus was mixed with 10 ml of fresh LB broth (2X) and 10 ml of filtered sewage sample, and incubated overnight at 37°C with shaking at 80 rpm. The culture was then centrifuged for 20 min at 2,500×g, to remove bacteria, and the supernatant was filtered through 0.22 μm pore size Millipore filter (for phage amplification the simultaneous culturing step was repeated for three or more times).This lysate (supernatant) was examined for lytic phage in plaque assay by double layer agar(DLA) method.
Double layer agar (DLA)
One ml of phage lysate was mixed with500 μl of a stationary phase culture of host S. aureus after10 min incubation at 37°C, 5 ml of LB top agar (4 mM CaCl 2 , 4 mM MgSO 4 , 0.7% (w/v) agar, at 45°C) was added, mixed and overlaid on to fresh LB agar plates(1.5 % (w/v) agar )prepared before. After solidifying, plates were incubated overnight at 37°C until lysis zones appeared.
Purification of bacteriophage
Single plaques from each plate were picked by sterile Pasteur pipette and placed in a tube containing 1 ml of LB broth (45°C).One ml of stationary phase culture of host bacteria was added to each tube and incubated for 24 h at 37°C and 80 rpm. Next day, the lysate were screened for presence of plaques as describe above. Purification was carried out by three serial single-plaque isolations.
Determination of bacteriophage titer
Ten sterile tubes containing 900 μl Luria Bertani (LB) broth were numbered from 10 -1 to 10 -10 . One hundred μl of phage lysate was added to the first tube (10 -1 ) mixed well and 100 μl
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Five tubes containing 3 ml LB soft agar (0.4% agar, 4 to 10 mM CaCl 2 and MgSO 4 ) at 45°C were numbered from 10 -5 to 10 -9 .The phage and bacterial suspensions were added to soft agar tubes and after mixing were overlaid on to plates containing LB agar (1.5% agar).Plates were incubated overnight at 37°C and the resulting plaques were counted. PFU/ml was equal to number of plaques/dilution × volume of diluted phage added to each plate.
Host range determination
Thirty clinical MRSA isolates, recovered from burnt patient, were used to determine host range of the bacteriophage isolated in this study. To determine MSSA (methicillinsusceptible S.aureus) strains susceptibility to phage-mediated lysis, 30 strains from burnt patient were also examined. Bacterial strain susceptibilities were detected by the spot test method. Briefly, bacterial strains were incubated 4 h in LB broth at 37°C and 180 rpm (OD 600 nm=0.4-0.6).
Then 500 µl of each bacterial culture was added to 6 ml of 0.4% LB soft agar (45°C) and poured onto LB agar plates. The plates were left to dry for 10 minutes. Subsequently, 10 µl of the phage lysate (10 9 PFU/ml) was spotted on lawns of different bacterial strains and incubated overnight at 37°C for formation of lysis zone. Lytic activity of isolated phage was also examined on Staphylococcus epidermidis, Enterococcus faecalis and Enterococcus fasium strains.
Bacteriophage storage
Phage lysate was filtered and precipitated by adding polyethylene glycol 8,000 (BIO BASIC CANADA INC.Cat. #: PB0433)) and NaCl (MERK, EMSURE® ACS, ISO, Reag. PhEur, Germany) to final concentrations of 10% and 1 M, respectively followed by incubation at 4°C for 18 h. The lysatewere centrifuged at 10,000×g for 20 min. Phage pellet were resuspended in SM buffer (100 mMNaCl, 10 mM MgSO 4 , 10 mM Tris-HCl [pH 7.5] with 50% (vol/vol) glycerol and stored at 80°C for long-term use. For Short-term use, prepared stocks were stored at 4°C.
Electron microscopy
Ten µl polyethylene glycol precipitated phage particles were spotted onto a carbon-coated copper acid grid for 3-5 minutes and then blotted with filter paper and stained with 1% (w/v) uranyl acetate(pH 7).It was examined by Zeiss LEO 906 transmission electron microscope (Carl Zeiss LEO EM 906 E, Germany) at an accelerating voltage of 100 kV.
Naming the isolated bacteriophage
We named our isolated phage to vB_StuM_MH -1 according to the newly proposed naming system vBStuP/M/S MHno, where vB=bacterial virus; Stu=abbreviation for genus/species of the host; P=podovirus, M=myovirus, S=siphovirus; MHno=name and number of phage. The latter part of the name (MH -1 ) will be the phage's common name [23] .
One-step growth curve
A mid-exponential-phase culture (30 ml) of S. aureus (OD600 nm=0.4 to 0.5) was harvested by centrifugation and re-suspended in 7.5 ml of fresh LB broth. Phage lysates (10 9 PFU/ ml) were added at an MOI of 0.0005 and incubated at 37°C for 15 min for phage adsorption. The mixture was then centrifuged at 10,000×g for 10 min to remove free phage particles. Pellet was re-suspended in 10 ml of LB broth and incubated at 37°C. Samples were removed at 10 min intervals for 2 h. The samples were immediately diluted 10 fold and plated for phage titration using DLA method. The next day, plaques were counted and PFU/ml was calculated as mentioned above.
Isolation of bacteriophage genome
Extraction of phage genomic DNA was done according to the Martha RJ and Clokie A M method with slight modification [24] . Briefly 10 ml of phage lysates (with 10% PEG 8000, and 1 M concentration of NaCl). A mixture of 5 μl of 1 mg/ml DNase I and 2 μl of 12.5 mg/ml RNase A was added to the tube and incubated for 30 min at 37°C. Afterward, 12 μl of 20% SDS and 5 μl of 10 mg/ml proteinase K was added to the mixture and incubated for 30 min at 37°C. Extraction was carried out with 0.5 ml of phenol: chloroform: isoamyl alcohol (25:24:1).
The mixture was spun for 5 min at 15,000×g for phase separation. Supernatant was transferred into a fresh tube and extracted once with 0.5 ml chloroform: isoamylalcohol (24:1) fallowed by centrifugation for 5 min at 8,000×g. The supernatant was transferred into a fresh 2 ml Eppendorf tube and 500 μl of 100% isopropanol and 45 μl of 3 M sodium acetate (pH 5.2) were added.
DNA was left for 30 min to precipitate at room temperature. Following centrifugation for 20 min at 14,000×g, the DNA pellet was washed twice with 70% ethanol and let to dry. Dried DNA pellet was re-suspended in 50 μl distilled water. The phage genomic DNA concentrations and quality was determine using a NanoDrop spectrophotometer (Nanodrop One C, Thermo Fisher Scientific, Assembled in USA), following the instructions provided by the manufacture. Ten microliter of genomic DNA was resolved on 0.1% agarose gel electrophoresis with DNA molecular weight marker λ-Hind III digest and 10 Kb plus DNA size marker (Takara).
Restriction digestion of phage DNA
The DNA of isolated bacteriophage was digested with Rnase A, Dnase I and 6 restriction endonucleases (EcoRV, EcoRI, HaeIII, XbaI, SmaI, SacII, EcoRV) purchased from Thermo
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Scientific (EU) Lithuania for 5-16 hours. After the enzymatic digestion, restriction fragments were separated by electrophoresis in a 1% agarose gel containing safe stain (SMO Bio-FluoroVue Nucleic Acid Gel Stain (Pre-Stain) in TBE buffer (Tris-boricacid-EDTA), at 90 V in a peQ Lab agarose gel electrophoresis system (peQLAB, E0303, Taiwan).Gene Ruler 10 Kb plus DNA Ladder and λ-Hind III digest DNA molecular weight marker (Thermo Fisher Scientific) was used as a size markers. The gel visualized under gel documentation system (VILBER LOURMAT, E-Box CX5.TS, France). Restriction digestions were performed in triplicate.
Results
Bacteria and bactriophage isolation
Thirty MRSA isolates recovered from burnt patient were confirmed by biochemical and molecular tests and chosen for hosts range determination. Three of the isolates and an MRSA standard strain were selected for phage isolation. A total of six phages were isolated. Phage MH -1 was chosen for sensitivity determination and continuing the study.
Host range analysis
For assessment of host range of the lytic phage, a wide spectrum of lysis actively was evaluated. Of the 30 MRSA and 30 MSSA isolates, 27 strains (90%) and 26 strains (86.6%) were sensitive to the isolated phage respectively and formed the zone of lysis in the spot test (Figure 1) . The lytic activity of isolated phage was also examined on 3 other bacterial species. All of the S. epidermidis, E. faecalis and E. fasium strains were found to be resistant to our isolated phage (Table 1 ).
Figure 1 Spot test.
Morphology of the lytic bacteriophage
Designation of morphological characteristics by electron microscopy revealed that this phage is a member of the myoviridea family with contractile, long and relatively thick tail and isomeric large head with about 220 and 100 nm in diameter respectively (Figure 2) .
A indicate the noncontracted and B contracted tails, respectively. The phages were negatively stained with 1% (wt/ vol) uranyl acetate and observed using Zeiss LEO 906 transmission electron microscope (Carl Zeiss LEO EM 906 E, Germany) at an accelerating voltage of 100 kV. 
Determination of bacteriophage titer
Phage titer was ascertained by serial dilution and DLA method. Plaques were counted after overnight incubation at 37°C and titer of the isolated phage was determined to be 1×10 9 PFU/ml (Figure 3) .
Figure 3
The titer of bacteriophage MH -1 assessed with DLA method.
Latent time and phage burst size
To determine the latent time and burst size of the phage MH -1 , one-step growth curve analysis was performed. From the analysis of this curve latent period was estimated to be 
Isolation of genomic DNA of bacteriophages
Phage genomic DNA was extracted with phenol: chloroform method and resolved on 0.1% agarose gel electrophoresis. The phage genome was totally digested by DNase I but not by RNase A. Genomic DNA of the phage was digested by the EcoRI, HaeIII, XbaI, SacII and EcoRV restriction enzymes. However, the phage genome seemed to be resistant to digestion by the SmaI restriction enzyme. Also, digestion profiles of XbaI restriction enzyme show that the genome of isolated phage was <∼43 kbp (Figure 5 ). 
Discussion
One of the greatly increasing causes lead to mortality and morbidity in burn patients is colonization of Methicillinresistant Staphylococcus aureus (MRSA) on the surface of burn wounds [14] . Reports of outbreaks of MRSA and evidence of increasing of persistent MRSA strains in burn units have exist. In addition, reports indicate that burn units and ICUs may act as a reservoir for MRSA type of S. aureus. Despite full compliance with infection control programs, acquisition and transmission of MRSA is a continuous problem in burn units [25] .
Moreover, rapid generation of antibiotic resistance and the very few new antimicrobial agents being presented each year are very alarming and troublesome [26] . Therefore, the necessity for an alternative therapeutic method other than antibiotics seems absolutely crucial. The use of bacteriophages could potentially be a practical alternative therapeutic strategy. Compared to the costs of antibiotic treatment of staphylococcal infections and patient hospitalization, the cost of phage therapy could be significantly lower [26] . Because of this feature, lytic phages have caught the attention of researchers and industry as a possible antimicrobial agent that would enable us to cope with antibiotic-resistant bacteria such as MRSA [3] . A few studies are present about the MRSA bacteriophages in Thran, Iran, as well as there is a little available information about these local phages and their therapeutic potential. Therefore, in the current study we carried on a search for isolation of new staphylococcal bacteriophages that would be specifically active against MRSA strains isolates from burnt patients.
At first step, a total of 30 MRSA isolates were collected to be used as hosts. Further characterization was carried out in order to confirm that the bacteria were S. aureus as expected and to ascertain their resistance to meticillin. Bacteriophages screening, evaluation of their lytic abilities and host ranges determination were the next steps. In the present study, we successfully isolated six virulent phages against MRSA from Motahari hospital sewage over the course of 6 months. In various studies, such as our study, wastewater has been used as a phage separation reservoir [27] [28] [29] [30] [31] . MH-1 titer was determined to be 1×10 9 PFU/ml therefore; hospital sewage seems to be a good source for isolation of this phage. This suggests that potentially valuable therapeutic phages can be easily recovered from such sources, and that wastewater may have diverse phage populations that can be used for a wide range of applications. Many phages form transparent plaques that are typical of lytic (virulent) phages, whereas phages with the ability to lysogenize host cells (temperate phages) produce opaque plaques. Some phages produce halo plaques, meaning they have semi-transparent areas around the plaques. Halos are due to the release and subsequent activity of soluble enzymes produced by phage that degrade the cell wall [32] . After 18 h incubation at 37°C, the MH-1 phage produced clear plaques without halo with 0.5-2 mm in diameter which is further indicative of the strict lytic nature of the isolated phage.
Phages can detect bacterial cell surface components including lipopolysaccharide (LPS), peptidoglycan, thioacids, outer membrane proteins, oligosaccharides, capsules, and type IV fimbria for the binding process. The specificity of the interaction between phage surface structures and host cell surface receptors is more influential on the bacterial host phage range [33] [34] [35] [36] [37] . MH -1 showed broad lytic activities with the tested MRSA and MSSA strains collected from burnt patient. So that most of our S. aureus strains (53 of 60 strains) were lysed by the isolated phage but no plaque production Archives of Clinical Microbiology ISSN 1989-8436 Vol.10 No. 4:100098 was observed in the examined S. epidermidis, E. faecalis and E. fasium strains. This result suggests that isolated phage was completely specific for S. aureus but there was no correlation found for susceptibility to isolated phage between Meticillin resistance and Methicillin sensitive strains. So MH -1 phage can be used as a disinfectant for circulating S. aureus strains in burn care units and prevent the spread of the bacteria and antibiotic resistance.
Morphological characteristics of phage can be used for their classification. While there is variety of different morphological phage types, most S. aureus phages possess an icosahedral capsid whit double-stranded (ds) DNA as a genome and belong to the order Caudovirales (tailed phages). This order further classified based on the tail morphology into three major families: Podoviridae (characterized by short non-contractile tails), Myoviridae (equipped with long contractile tails) or Siphoviridae (have long, flexible non-contractile tails) [38, 39] . Electron microscopy observation of phage MH-1 revealed that this phage belongs to the Myoviridae family. Phages from the Myoviridae family have a double-layered contractile tails composed of an inner tube that covered by an outer sheath and ended by a baseplate (Figure 2) . The outer sheath contraction of the tail pushes the tube through the bacterial cell wall and creating a channel for the viral genome delivery into the host cell's cytoplasm [40] . There are reports of other studies that have isolated myophages for Staphylococcus aureus [41, 42] .
The one-step growth curve was determined to understand growth of the phage on S. aureus ATCC 43300 as a host. The isolated phage had a short latent period (20 minutes) and a good burst size (190 PFU/cell). The short latent time showed that the time needed to replicate the virus inside the host is very short, and a new generation of phage will be propagate after 20 min. This feature can be considered as a high therapeutic potential for this phage. Also, the high-brush size of this phage could be of relevant interest because it provides the high concentrations needed for phage therapy with little propagation. All of these properties make the isolated phage a suitable candidate for biocontrol of this resistant bacterium.
Digestion of DNA with DNase I, but not with RNase A, is evidence that the isolated phage had the ds DNA as it has been expected to have. To confirm this result, the phage extracted genome was digested with 6 restriction enzymes. The isolated phage DNA samples were sensitive to EcoRV, EcoRI, XbaI, and HaeIII, and exhibited different restriction endonuclease patterns. Additionally, it seems that genomic DNA of isolated phage lacked target sequences recognized by SmaI restriction enzyme. Phages have developed different anti-restriction strategies against restriction modification systems (R-M) of bacteria. This system operates as a defense against phage infections, by means of an endonuclease and methyltransferase enzymes. R-M systems protect methylated bacterial DNA and cut off the foreign unmethylated DNA in the identical sequence. If the recognition oligonucleotide sequences, is present, unmodified DNA molecule will hydrolyse by restriction endonucleases. Point mutations or acquisition of the cognate methylase gene are the strategies which used by bacteriophages to change endonuclease recognition sequences in their genomes [43] . However, for exact determination of recognition sequences in the DNA of phage MH -1 , complete genome sequencing is required. In this study, phage MH -1 was isolated and characterized as a new biological strategy to prevent MRSA infection in burnt patient. Its specificity, remarkable lytic effect and broad host-range for MRSA strains emphasized that it has a considerable potential to be used for prophylaxis and treatment of staphylococcal infections. Because of these features MH -1 phage can also be used as a component of anti-staphylococcal or other antibacterial cocktails. It is obvious that additional studies are required to identify the lytic effect of this phage on MRSA isolates from different sources. Additionally, in vivo studies either on experimentally induced infection in animal model as well as in human infection should be carried out in order to fully ascertain the phage therapeutic potentials.
Conclusion
Infection with multi-drug resistant Staphylococcus aureus especially in the burnt patients is a therapeutic problem. In addition, given the cost of mortality and morbidity due to the widespread presence of multidrug-resistant S. aureus strains and the lack of an effective solution to this problem, evaluation of phage therapeutic potentials in human disease management associated with S. aureus seem to be a reasonable proposition. As a result, phage therapy could be an alternative to antibiotics and replace them when they fail. This treatment may help prevent potentially fatal infections in the hospital setting. Moreover, the substantially lower cost of phage therapy is another important reason for its broader consideration in the current period of the global crisis in antibiotic resistance and the health care economy. 
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